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This study benchmarked five different detection tools

for modified base from Nanopore sequencing — reensrigh concorgance of nanopore with bisulfite in mosttools -
Nanopolishl, Megalodon, DeepSignal?, Guppy s oot rometoeoret  roreeoeosts  rosersosortr  roomar s oses
and Tombo3, for their accuracy to predict DNA CpG EEERE
methylation state from Nanopore sequencing.
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Existing methods for modified base detection using require either immunoprecipitation of DNA or
chemical conversion like for example Dbisulfite treatment, lacking enough resolution and
sensitivity. Nanopore sequencing can access native DNA at single-molecule resolution and
detect base modifications from the Nanopore signal patterns. Despite the various detection tools 02
available for modified bases from Nanopore sequencing, there has not been yet a systematic 0.0
accuracy benchmarking to determine the strengths and limitations of these approaches. S o7 9 7 o° S o7 9 % oF ST 7 97 o° ° S o7 0 S o° S o7 9 St o°

Nanopore methylation frequency

WGBS methylation frequency
Methylation frequencies between nanopore-based and bisulfite methods at each CpG site were

compared using the Pearson and Spearman correlations. DeepSignal showed the highest
METHODS correlation (r = 0.92) among the five tools followed by Megalodon (r = 0.87), Nanopolish (r = 0.87)

, Guppy (r = 0.84) and Tombo (r = 0.74). To compare the spread of methylation frequency

We performed a PCR-free targeted nanopore sequencing experiment using the Cas9 enrichment distribution, we further catergorised CpG sites from bisulfite data into five bins with increasing
approach to preserve modifications and to capture 10 different regions in a human cell line frequencies. DeepSignal had a more consistent uphill pattern and lower variability than the other
NA12878, and the DNA library was sequenced on a single MinlON flowcell. four tools across the bins.
Reproducible pipelines for CpG methylation detection Increasing coverage does not notably improve correlations with bisulfite
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Since there are multiple steps in modified base detection for Nanopolish, DeepSignal and S o o % 5 o - %
Tombo, we have developed a set of Snakemake pipelines to make these analyses reproducible. 2 % S 1°°.§
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replicates above 0.9 quantile and below 0.1 quantile were removed. The methylation frequency
of each CpG from all tools was compared to that from the lllumina BS-based data for the same
individual.

Tools — Nanopolish — Tombo — DeepSignal — Megalodon Guppy

Methylation patterns were concordant between nanopore-based and bisulfite methods, even at
low coverage.

We also applied the same pipeline to the high-coverage enrichment data from a recently

published study# performing nanopore Cas9-targeted sequencing. In addition to validation with Distribution for control datasets with different proportions of methylation
WGBS data, we used the E.coli methylation control datasets! as the ground truth to establish 104 7
)

accuracy of each tool.
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Various mixes with different proportions of methylated reads were created using the methylation
ACKNOWLEDGEMENTS control datasets!. So far only the results of Nanopolish, DeepSignal and Megalodon have been

generated, and more results will be released soon. In 0% methylated (negative control),
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